The precedence effect, which we had replicated in our initial experiment, essentially "disappeared" when the subjects were given sufficient practice on the lateralization task. A number of conditions were explored in an unsuccessful attempt to recover the precedence effect in these experienced subjects. The implications of these results are discussed. 
INTRODUCTION
When the human auditory system encounters two successive and temporally proximate binaural events, the localization of the resultant fused image is said to be largely determined by the directional cues associated with the firstarriving acoustic wave front. The inability of the auditory system to appreciate echoes in reverberant surroundings, despite hundreds of otherwise audible, and at times more intense, reflections (i.e., additivity of multiple secondary wave fronts), is cited as a stunning example of this localization illusion in operation. This well-known phenomenon has come to be termed the precedence/Haas effect in sound localization (Wallach et al., 1949; Haas, 1951 ).
• Minimum audible angle (MAA) experiments at our laboratory have already demonstrated the possibility of extracting localization information from later-arriving events, and, thus, demonstrating the failure of the precedence effect, at least in a spatial acuity task (Perrott et al., 1989) . Unlike the original studies of Wallach/Haas in which the effect was shown to operate up to azimuth angles of 60 deg, we were able to demonstrate that localization acuity was relatively unimpaired. MAA thresholds ranging from 3-7 deg were observed under what we believed to be optimal conditions for obtaining the effect.
It has become increasingly clear to us that the specific features of the test procedures are probably critical in determining whether or not one observes the precedence effect in the free field. In our work, the "echo" was treated as an event to be detected. The subject's task was to identify which of several sources had generated the "echo" on that trial. Feedback, and therefore practice, was possible. Such paradigms are commonly encountered in psychoacoustic experiments that attempt to establish the operating limits of the auditory system. One can imagine that quite a different description of frequency resolution or masking would be exhibited if a paradigm similar to those that have been generally employed in the precedence effect literature had been employed on the latter problems. The precedence effect has also been studied in lateralization paradigms. In addition to the superior stimulus control that can be afforded under earphone listening conditions, substantially more rigorous psychophysical methods have generally been used (e.g., Zurek, 1980; Yost and Soderqnist, 1984) . Since our initial attempt to replicate the precedence effect in the free field was relatively unsuccessful, we thought that the lateralization paradigm might provide a better opportunity to examine this interesting phenomenon in detail. The initial experiment was initiated simply to replicate the precedence effect in the iateralization paradigm.
I. REPLICATION OF THE PRECEDENCE EFFECT IN A LATERALIZATION PARADIGM
A. Method
Subjects
Four subjects, two males and two females, from California State University, Los Angeles, including the authors, served in experiment I. All subjects had previous experience in lateralization tasks. Three of the subjects had previous experience in a precedence effect experiment conducted in the free field. All subjects had normal hearing based on selfreport. (Domnitz, 1975) . Once balance was achieved, subjects pressed a response key to initiate the session. The configuration of event presentations is diagrammed in Fig. 1 . Each trial involved the presentation of four binaural clicks. The first two, presented with an ICI of between 0.38 to 10 ms, were always dietic (IDT = 0). This pair of clicks represented the "referent event" against which the second pair of clicks would be compared. The referent event was identical to the second pair of clicks in every aspect except that no IDTs were available. For the range of ICIs employed, subjects typically reported hearing a single "fused" image. Some variation in extensity was evident with larger ICIs, and two events could at times be discerned at these larger intervals. After a 300-ms interpulse interval, the comparison binaural click pair was presented. Both clicks of the referent event were always dietic (IDT = 0). The comparison event, however, could follow one of two configurations. In condition I, the IDT for the second click of the comparison event could vary, while the IDT for the first click of the comparison event was zero (this configuration is depicted in Fig. 1 ). In condition II, the IDT for the second click of the comparison was zero, while the IDT for the first click of the comparison could vary (not shown). The two conditions were run in separate sessions.
Portions of this
In condition I, we were, in effect, measuring the subject's capacity to resolve the spatial information contained in the "echo." What subjects heard on each trial of this condition were two brief events, separated by 300 ms. The first of these was always centered at or near the median plane (center of the head), while the second might be perceived lateral- Subjects received feedback as to whether they were correct immediately after each response.
B. Results
In condition I (optimal conditions for the demonstration of the precedence effect), IDT thresholds were strongly dependent on the temporal separation of the two component clicks in the comparison event. and Soderquist (1984), although, generally speaking, we did observe somewhat lower thresholds. These lower thresholds could possibly be accounted for by the "center-left" versus "center-right" method employed, which is an easier procedure than the typical "side-center" versus "center-side" paradigm.
II. SOME POSTHOC EXPERIMENTS

A. Overview
During the course of conducting a number of subsequent experiments, which we had specifically designed to study the characteristics of the precedence effect,' we encountered a rather curious problem. We did not seem to be able to obtain a stable estimate of the IDT threshold, even under conditions optimal for the demonstration of the precedence effect. The tenfold increase in the IDT threshold observed in experiment I when the dietic click led the dichotie by 1.75-2.35 ms gradually began to decline. This slow but persistent improvement in performance was not only puzzling, but troublesome, particularly since it was observed in all of our subsequent designs and across all our subjects. We halted these new experiments and decided to rerun the first experiment. 
Subjects
Three subjects, one male and two females, served in this experiment. Two of the subjects (KS and VC) had completed the first experiment and had served in at least one of the follow-up experiments. The third subject (LD) had participated in our follow-up paradigms. The two original subjects had served 20 and 12 h, respectively, and the third subject had served 8 h, on the lateralization task prior to beginning the current experiment.
Apparatus and procedure
Both the apparatus and the procedure employed were the same as described in the first experiment. The initial performance on the condition in which the dietic click led the dichotic for ICIs ranging from 0.38-10 ms was already available for the first two subjects. We collected data using the same procedure for the third subject (LD), and defined this and the original data for subjects 1 and 2 as the initial baseline. Each subject then entered a practice phase. The ICIs were set at values corresponding to the temporal window of interest ( 1-5 ms) with the most emphasis on ICI = 2.35 ms. The subjects were run on these conditions for at least 30 min per session until IDT thresholds stabilized. Once stabilization was achieved (i.e., less than 20% variation on the last three runs), a final baseline for ICIs varying from 0.38 to 10 ms was collected. The subjects completed the practice phase of the current experiment with less than 10 h of training.
C. Results
The results of this experiment supported our initial observations. The magnitude of the effect for all subjects was substantially lower after the subjects had completed the testing procedure (see Fig. 3 ). Although there is still somewhat of a residual effect evident, its magnitude is extremely small. Further, for the ICI that subjects had practiced most (2.35 ms), the effect is practically nonexistent. The shift in the peak of the function from 1.75 to 1.0 ms could possibly be attributed to the fact that subjects practiced the 1.0-ms condition much less than the other conditions ( 1.75-2.35 ms) that had previously yielded the largest thresholds.
Having lost the precedence effect, we began an extensive series of experiments on these practiced subjects in an attempt to once again find the effect. While the initial tests were conducted with 40-/zs square-wave transients, we applied brief (single-cycle) sine-wave pulses ranging in frequency from 250 Hz to 12 kHz, but without success. Again, with the brief transients, we examined intensity levels ranging from 45-110 dB (A-weighted), but still no recovery of the function was evident. Finally, in our search for the lost effect, we were able to discover a very specific condition where the effect could once again be demonstrated. The initial 40-kts transient, when passed through a 4-kHz high-pass filter, resulted in IDT thresholds in excess of 150/rs. This latter effect, however, was also quite transient. After a few practice sessions, thresholds again dropped to below 30/•s. 3
For one subject, we deliberately withheld practice for over 3 months with no trials in this or any other lateralization experiment. Still, after this period, there was no evidence of the recovery of the initial effect. 4 One additional point should be made in this regard. Considering that most of our subjects' now considerable experience on the task was restricted to a single condition, whatever they learned apparently could be readily generalized to the other stimuli employed.
III. ADDITIONAL CONTROL EXPERIMENTS
The addition of IDTs to ICIs causes the potential of a menaural spectral cue based on whether a particular click at a particular ear is leading or lagging the other click presented to the other ear. If the IDT is added to the ICI, the result could be the sensation of a lower pitch, and, if it is subtracted from the ICI, the result could be the sensation of a higher pitch (Yost, 1982) . To ensure against menaural pitch cues, the following control experiments were conducted. pare these data with those of the binaural condition, we also retested the same subjects using the original paradigm (condition I of experiment I, binaural at an ICI of 2.35 ms).
During each run, subjects were tested on only one condition. The order of testing between conditions was completely randomized.
Results
Figure 4 presents the results of the menaural control condition versus the original binaural condition for the two subjects. Thresholds under the menaural condition could not be measured since their magnitude was larger than our apparatus could measure (in excess of 250/•s}. Under the binaural condition, thresholds ranged from 15-27/is. This disparity in performance between menaural and binaural conditions provides evidence against the effective utility of menaural spectral cues in experimer•t I. Furthermore, in order to ensure that binaural pitch artifacts were not involved, we decided to conduct a second control experiment. current experiments translated into azimuthal angles (Woodworth and Schlosberg, 1954) . It is fair to note that the primary difference that we have observed between localization and lateralization performance was that the latter task required extensive practice before performance finally stabilized.
The present results indicate that, if the conditions are optimal, a substantial loss in the ability to utilize IDT can be observed in the second of two nearly simultaneous binaural events (a replication of the precedence effect). But we do not believe that this loss in resolution is indicative of any underlying inhibitory process per se. Whatever information is contained in the lag event must surely still be available to our subjects. Given sufficient experience on the task, thresholds are elevated by only a few microseconds over those encountered when a single dichotic event is present. Possibly, what is most surprising is the fact that, once the subject is able to resolve IDTs in the second event, this skill can be readily generalized to a wide variety of signals. Moreover, although we have data on only one subject, this experience can be retained for many months without difficulty.
If the information from the later-arriving event is not suppressed, why do less experienced subjects show the precedence effect? We believe that a process analogous to the problem of hidden figures seen in the visual modality may be responsible. By way of example, a line drawing of George Washington, which when presented upon a homogeneous background can be readily recognized, can be nearly impossible to detect if it is incorporated into another figure (i.e., as part of a tree or a cloud). On the other hand, the drawing of George Washington, once located, is readily identified. Clearly, the figure is neither "masked" nor "inhibited." The precedence effect then is probably related to the process by which the nervous system develops order from an array of informationfi One model, the sensory rivalry hypotheses (Hafter et al., 1988) , suggests that the system simply organizes the information based upon the most probable structure. The information in an echo then is simply incorporated into the resulting image and not suppressed. Such a system would be far more adaptive than one that automatically suppresses echoes. For example, in the case of motion (the issue that initially stimulated our interest in this process), laterarriving information may be readily utilized once sufficient information has occurred to identify that the source or the listener is in motion. That is, the solution of the most probable case may define how the information is organized and ultimately how it is employed. 6
